Introduction. Hip fracture in geriatric patients has a substantial economic impact and represents a major cause of morbidity and mortality in this population. At our institution, a regional anesthesia program was instituted for patients undergoing surgery for hip fracture. This retrospective cohort review examines the effects of regional anesthesia (from mainly after July 2007) vs general anesthesia (mainly prior
million hip fractures annually by the year 2050 [1] . In 2004 in the US alone, an estimated 387,000 patients older than 65 were hospitalized due to falls and about 37% of these patients sustained hip fractures [2] . The mean cost of hospitalization for patients with hip fractures was $18,638 with an average length of hospital stay of 7 days [2] . Hip fracture has consistently been found to be associated with a high morbidity and mortality [3] [4] [5] with reported mortality remaining stable in the last 40 years [6] . A higher mortality has been associated with increasing age and male gender [7, 8] .
At the University of Florida and Shands Hospital (UF&Shands), we have performed an increasing number of surgeries for geriatric patients with fragility hip fractures since the opening of our level I trauma center in 2005. Prior to July 2007, most surgeries for hip fractures were performed using general anesthesia. A shift in the involvement of the Acute Pain Medicine Service in July 2007 resulted in a change in intraoperative anesthetic management of geriatric, debilitated patients, which involved placement of single injection spinals, continuous spinal catheters, or epidural catheters for intraoperative anesthesia and femoral nerve blocks or lumbar paravertebral blocks for postoperative analgesia. We also introduced a specialized team of medical personnel dedicated to postoperative analgesia. Subsequently, we conducted a retrospective cohort study to examine patient characteristics, cost of hospitalization (estimated from charges of hospitalization), readmission rates, and in-hospital mortality for these patients. Our hypothesis was that the use of regional anesthesia would reduce pulmonary morbidity, and therefore reduce the need for critical care intervention postoperatively, length of hospital stay, and cost of hospitalization.
Methods

Data Source
Investigators received institutional review board approval and a waiver of informed consent prior to gathering and analyzing data. Patients who underwent surgery for hip fractures (percutaneous pinning, open reduction internal fixation, or bipolar arthroplasty) from September 2006 to December 2008 were identified using current procedure terminology codes. We arbitrarily chose this period of time for the equal number of months before and after institution of regional anesthesia for hip fracture repair, and to allow for up to at least 1 year follow-up after the last discharge date to assess 1 year mortality. The hospital's decision support services analyst provided the authors with demographic data, charges for surgery and hospitalization, hospital characteristics, outcomes (e.g., in-hospital mortality, length of stay, number of intensive care unit (ICU) days, ICU charge, and discharge facility), and insurance status.
Hospital charge data included physician fees, procedural charges, and equipment charges. Cost of hospitalization was estimated by applying the ratio of cost-to-charge for urban hospitals in the South Atlantic division (Healthcare Cost and Utilization Project, 2008 National Statistics) [9] to the amount charged for hospitalization. International Classification of Diseases, ninth edition (ICD-9) codes for up to 15 diagnoses and procedures are listed for each admission. We reviewed the perioperative anesthesia records and recorded type of intraoperative anesthesia (general vs regional) and postoperative analgesia (systemic opioids vs peripheral or neuraxial continuous nerve block). General anesthesia included the use of inhalational with or without intravenous agents for induction and maintenance of anesthesia. Regional anesthesia included the use of a neuraxial technique (single injection spinal, continuous spinal, or continuous epidural anesthesia) with or without the use of a continuous peripheral nerve block. Of note, patients with failed neuraxial blockade who subsequently underwent surgery using general anesthesia were included in the general anesthesia (GA) group for analysis.
Patient Population
All surgeries were performed at a single hospital in an academic setting. Patients were included in the retrospective review if their age was greater than or equal to 65 and if they sustained a low-impact hip fracture requiring surgical stabilization.
We identified 319 patients who underwent a total of 324 surgeries for fragility hip fracture at UF&Shands between September 2006 and December 2008. Patients who subsequently had a second low-impact hip fracture requiring stabilization during the time period of the study who may or may not have the same type of intraoperative anesthetic (N = 5) were not included in the analysis. Patients with preexistent end-stage renal disease requiring dialysis (N = 6) were not included in the analysis. Of the 308 patients included in the statistical analysis, 73 received regional anesthesia and 235 received general anesthesia intraoperatively.
Outcomes
We reviewed admission and discharge summaries from the hospital's electronic records to acquire information about hospital readmission within 30 days of discharge and reason for readmission. Information regarding number of days of hospitalization, days from admission to surgical stabilization, ICU length of stay, days on mechanical ventilation, in-patient mortality, ICD-9 codes for admission diagnoses, condition and disposition at discharge, and discharge facility were provided by the hospital's decision support services analyst.
Statistical Analysis
The primary outcomes of interest in this study were in-hospital mortality, in-hospital complications, hospital length of stay, and total costs (as estimated from hospital charges). All categorical outcomes were adjusted using multiple logistic regression models that included age, race, gender, anesthesia type, day of admission (weekend vs weekday), admitting service, surgery delay, length of stay, ICU admission, presence of cardiovascular disease, chronic obstructive pulmonary disease, cancer, diabetes, and dementia. For continuous outcomes, we used linear regression models adjusted for the same factors as above. In addition, because this was an observational study, to adjust for the lack of randomization that could result in large differences on the observed and unobserved patient characteristics between the general anesthesia and regional anesthesia groups, we used a propensity scoring method to create an analysis that resembled what would occur if the anesthesia had been randomly assigned. This method allowed us to reduce the bias that would result due to the lack of randomization of subjects into anesthesia groups to properly estimate the effect of anesthesia type on length of stay and hospital charges. A propensity score, which is the probability of the patient being assigned to general anesthesia rather than regional anesthesia conditional on the patient's demographic characteristics and comorbidities, was calculated for each patient using the logistic regression. The propensity score weights, which are the inverse of the propensity scores, were calculated and used in the analyses as weight [10] . Propensity score-weighted linear regression models were fitted to compare the effect of anesthesia type on the cost of hospitalization and length of stay. Least squares means were compared for the propensity score adjusted and the unadjusted multiple regression models. Linear regressions were performed using untransformed costs because mean estimates obtained were similar to those of alternative approaches that better account for skewed data. The coefficient of determination, R 2 , was calculated as an indicator of the proportion of variability explained by each model. Length of stay and hospital charges were compared among subgroups with analysis of variance and Kruskal-Wallis test, then modeled in linear regressions. For univariate analysis of categorical variables, we used Pearson c 2 analyses or Fisher's exact test as appropriate. The goodness of fit of the logistic regression models was assessed with the Hosmer-Lemeshow test, and c-statistics evaluated the discriminatory capability of the models. All significance tests were two-sided, with an a of 0.05, which we considered to be statistically significant. Statistical analyses were performed with SAS (v.9.2, Cary, NC).
Results
We enrolled a total of 323 patients who underwent hip fracture surgery for fragility hip fracture of whom 308 were eventually submitted to the analysis. Univariate analysis comparing patient characteristics between the GA and regional anesthesia (RA) group are presented in Table 1 . Proportions of in-hospital mortality, nursing home discharge, and rehospitalization and median length of stay, and estimated cost of hospitalization among subgroups that are determined by baseline demographics and clinical Table 1 Comparison of demographics and comorbidities of patients in general and regional anesthesia groups characteristics are presented in Table 2 . Of the 308 patients, 73 received regional anesthesia and 235 received general anesthesia. Frequency and type of regional anesthesia and analgesia as well as surgical procedure is presented in Tables 3 and 4 . The majority of RA patients (96%) received continuous spinal anesthesia. There were predominantly more females (N = 229) than males (N = 79), and 188 patients were older than 80 years of age.
The odds ratios (ORs) for in-hospital mortality, nursing home discharge, and rehospitalization rates obtained by multiple logistic regression (c-statistic = 0.949) are reported in Table 5 . A higher in-hospital mortality was 2). Anesthesia type was not found to be significantly associated with in-hospital mortality. The OR of nursing home discharge was significantly higher for patients with dementia (OR, 2.6), whereas the OR of rehospitalization was significantly higher for patients with COPD (OR, 2.3) or diabetes (2.5). Cardiovascular disease was associated with a higher overall complication rate and higher cardiovascular and pulmonary complication rate. Delay in surgery beyond 3 days was associated with higher overall complication rate and a higher cardiovascular complication rate (Table 5) . Table 6 shows the propensity score-weighted regression analysis results for estimated hospital cost and length of stay. Although the median estimated cost of hospitalization was higher for patients admitted to the medicine service (as compared with surgical admitting service), admission by the department of internal medicine resulted in a lower cost of hospitalization after adjusting for the demographic characteristics and comorbidities than the admitting service of the department of surgery.
Patients with a diagnosis of cancer, patients who require an admission to the ICU and patients who died or stayed longer during hospitalization had higher estimated costs of hospitalization. The mean estimated cost of hospitalization ($16,789 vs $16,815) and mean length of stay (6.4 vs 6.6 days) were not significantly different between the patients undergoing hip fracture surgery under regional anesthesia and general anesthesia (Tables 7 and 8 ). Table 9 summarizes the effect of anesthesia type on complications and health care use; there are no significant differences between the two anesthesia groups.
Discussion
In this study, we found that there is no added cost to the institution for use of regional anesthesia, predominantly Our group considers the use of RA in elderly patients to be opioid sparing and thus desirable, though we did not study this issue [11] [12] [13] . The fact that there was no significant increase in morbidity or mortality associated with implementing RA for hip fracture repair [14] makes RA an attractive modality for perioperative pain control, especially important during the preoperative period. Neuraxial anesthesia, especially continuous spinal anesthesia should be considered an option for the geriatric population undergoing hip fracture surgery because of its ease of use and relative safety in addition to the fact that it offers optimal flexibility in the timing and duration of the surgery. The potential to decrease intraoperative hypotension [15] was also subjectively perceived to have been avoided.
Fragility hip fractures in the geriatric population can pose an economic burden to the health care system because this patient population is at risk for significant postoperative morbidity and mortality. Most published studies investigate perioperative parameters and their effects on postoperative morbidity and mortality with inconsistent results [16] .
Little data exist on the economic impact of the type of anesthesia used for hip surgery in the geriatric population. One study noted a lower cost of intraoperative anesthesia associated with using a single-injection spinal anesthesia for intraoperative management. This study looked at only the intraoperative period, not at cost for the entire hospital stay [17] . Our average estimated cost of hospital stay for hip fracture in the geriatric population is consistent with literature published in the United States and similar to costs published in Europe [2, 17, 18] . Kates et al. published a lower median cost of hospitalization than the current study ($11,417), but they did not add surgeon and geriatrician costs of care [19] . The current study includes all estimated costs of hospitalization, including labor, procedures, and equipment.
Continuous spinal anesthesia was felt to provide good anesthesia with judicious dosing of local anesthetic to allow for improved hemodynamic control and avoidance of an invasive airway [14] . It also provided optimal flexibility in scheduling, as patients with hip fractures are almost always unscheduled and emergency surgery. The timing of the end of surgery is usually not predictable, especially in a large very busy training hospital and continuous spinal anesthesia provided optimal timing flexibility and added little, or in the case of this study, no additional risk. Patients undergoing general anesthesia who failed tracheal extubation did so because of hemodynamic instability and poor postoperative ventilation, especially in the presence of preexistent pulmonary comorbidities. This study was thus performed on the premise that the patients who received RA would have lower incidences of postoperative ventilator requirements as they would require less systemic anesthetic and analgesics, and thus have reduced postoperative respiratory depression. Because ventilator dependence would necessitate postoperative ICU admission, avoidance of postoperative respiratory depression was believed to result in decreased cost of hospitalization, and an intuitive notion that these patients would have decreased morbidity and mortality. However, RA did not influence morbidity, in-patient mortality, or the number of patients who required postoperative ventilation via an endotracheal tube, which was low in both the GA and RA group. One patient in the RA group (1%) vs 10 patients in the GA group (4%) required postoperative mechanical ventilation. This makes it difficult to draw meaningful conclusions about this hypothesis. However, consistent with results from previous publications, this study finds that cost of hospitalization increased with delay in surgery. ICU admission expectedly also increased the cost of hospitalization.
This study differs from current literature in several ways. A recent Cochrane review of randomized controlled trials prescribing GA vs RA showed borderline improvement of short-term mortality and decreased postoperative delirium with regional anesthesia, but no long-term differences [20] . Radcliff retrospectively reviewed a large database of Veterans Administration patients with hip fractures and showed increased short-term mortality associated with intraoperative GA (vs RA). However, they did not investigate any role for peripheral nerve blockade for postoperative pain relief [21] . Pedersen assessed the implementation of a pathway, which included early anesthesia evaluation, optimization of fluid and electrolyte balance, nutritional assessment, and a social service consult in addition to postoperative pain management with a peripheral nerve block [22] , and demonstrated a reduction in opioid requirements, postoperative complications and mortality. None of the cited studies used continuous intrathecal catheters for intraoperative anesthesia nor did they look at the financial implications of different treatments.
A weakness of this study includes its retrospective nature. Furthermore, the authors did not adjust the estimated cost of hospitalization data for inflation, but because the patient cohort was selected over a period of less than 2 years, it was felt that inflation would not alter the data significantly. Hospital charge data were collected instead of cost data, however, because cost-to-charge ratio for hospitals can be inferred using the cost-to-charge ratio from the Healthcare Cost and Utilization Project, this number was felt to adequately reflect cost of hospitalization of these patients. Data collected with regard to complications and comorbid conditions were based on ICD-9 codes, and therefore, the accuracy of the information collected is subject to the accuracy of the actual coding itself.
The fact that the type of surgical anesthesia did not alter the patient's cost of hospitalization or postoperative morbidity and mortality may be a result of the complexity of the patients' medical history and the number of surgical and medical factors that all can contribute to the outcomes or it may simply reflect the natural coarse of life in this population, which consisted of 188 of 306 patients older than 80 years.
Conclusion
There is no difference in cost of hospitalization, rehospitalization rates, postoperative morbidity, and in-patient mortality in geriatric patients, the majority being older than 80 years, undergoing regional vs general anesthesia for hip fracture repair. Delay in surgery beyond 3 days and ICU admission both increase the cost of hospitalization in geriatric patients that receive surgery for hip fracture.
